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[Title of the Invention] Image reading apparatus 
[Abstract] 

[Object] TO provide an image reading apparatus wherein image 
data having desired resolution can be generated without 
requiring large storage capacity and in addition, depending 
upon the number of photoelectric conversion devices composing 
a line sensor. 

[Configuration] CCD line sensors 28b, 28g and 28r are displaced 
in plural predetermined positions in a horizontal scanning 
direction according to a piezoelectric signal from a 
iezoel-ectric-signal_genera_tor„62_,_ next a picture signal in 
,ach predetermined position read by the CCD line sensors 28b, 
28g and 28r is stored in line buffers 70A and 20B via a switch 
72 , the picture signal is sequentially read from the line buffers 
70A and 70B and desired image processing is performed. 
[0011] 

[Preferred Embodiments] Figs. 1 and 2 show the configuration 
of an image reading apparatus 10 equivalent to this embodiment. 
The image reading apparatus 10 is basically composed of an 
illuminating light source 12 that illuminates a manuscript S 
fed in a vertical scanning direction (in a direction shown by 
an arrow X) in a horizontal scanning direction (in a direction 
shown by an arrow Y) , a condenser lens 14 that converges light 
L transmitted in the manuscript S, a converting section 16 that 
converts the light L converged by the condenser lens 14 to an 
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electric signal and a signal processing section 18. 
[0-012] The converting section 16 is provided with a supporting 
base 20 formed longer in the horizontal scanning direction (in 
the direction shown by the arrow Y) , a shaking table 22 supported 
by the supporting base 20 so that the shaking table can be shaken 
in the horizontal scanning direction (in the direction shown 
by the arrow Y) , prisms 26b, 26g and 26r fixed to the shaking 
table 22 via a bracket 24 and CCD line sensors 28b, 28g and 
28r fixed to each prism 26b, 26g, 26r as shown in Figs. 3 and 
4 . 

[0013] For the supporting base 20, a long opening 30 for leading 
the light L to the CCD line sensors 28b, 28g and 28r is formed 
in the center, a hole 34 for inserting a piezoelectric element 
32 which is displacing means is formed at one end and a hole 
38 for inserting a coil spring 36 is formed at the other end. 
In the meantime, the shaking table 22 has a long opening 40 
in the center and is integrated with the supporting base 20 
via the deepest parts 34a and 38a of each hole 34, 38. The 
respective both ends of the supporting base 20 and the shaking 
table 22 are bent in a direction in which the prisms 26b, 26g 
and 2 6r are attached, and the supporting base and the shaking 
table are made in a substantially separated state by a slit 
42 extended in the horizontal scanning direction (in the 
direction shown by the arrow Y) . Slittings 44a and 44b 
substantially parallel to a bent part of the slit 42 are formed 
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from the side of the prisms 26b, 26g and 26r . A thin part 45a/46b 
is formed between the bent part and the slitting 44a/44b as 
shown in Fig, 5. As a result, the shaking table 22 can be 
displaced in the horizontal scanning direction ( in the direction 
shown by the arrow Y) via the thin parts 46a and 4 6b. In the 
slit 42, a hole 48 for passing wire for machining the slit 42 
by a wire cutting electric discharge machine is formed. 
[0014 ] The piezoelectric element 32 is installed on a stationary 
plate 50 in the hole 34 of the supporting base 20 in a state 
in which the end of the piezoelectric element is touched to 
the deepest part 34a adjacent to the shaking table 22 of the 
hole 34. The coil spring 36 is installed in the hole 38 of 
the supporting base 20 by a fixing screw 52 in a state in which 
the end of the coil spring is touched to the deepest part 38a 
adjacent to the shaking table 22 of the hole 38. 
[0015] The bracket 24 to which the prisms 26b, 26g and 26r are 
fixed is fixed to the shaking table 22 by a fixing screw 54. 
A dichroic filter 56a or 56b is provided to each composition 
plane between the prisms 2 6b, 2 6g, 2 6r as shown in Fig. 4, 
disperses the light L into each light having each wavelength 
of B, G, R and guides the light to each CCD line sensor 28b 
that photoelectrically converts B scope of the light, 28g that 
photoelectrically converts G scope of the light and 28r that 
photoelectrically converts R scope of the light. 
[0016] The signal processing section 18 is provided with a B 
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scope processor 58b for processing B scope from the CCD line 
sensor 28b, a G scope processor 58g for processing G scope from 
the CCD line sensor 28g, an R scope processor 58r for processing 
R scope from the CCD line sensor 28r, the piezoelectric signal 
generator 62 that supplies a driving signal to the piezoelectric 
element 32 via an amplifier 60, a controller 64 that supplies 
a control signal to the B scope processor 58b, the G scope 
processor 58g, the R scope processor 58r and the piezoelectric 
signal generator 62, a processor 65 that processes picture 
signals from photoelectric conversion elements equivalent to 
odd order and photoelectric conversion elements equivalent to 
even order of the CCD line sensors 28b, 28g and 28r in addition 
to picture signals processed by the B scope processor 58b, the 
G scope processor 58g and the R scope processor 58r according 
to a method of moving averages and an image processor 66 that 
executes desired image processing based upon the picture signals 
to which the processing according to the method of moving 
averages is applied as shown in Fig. 1. 

[0017] The B scope processor 58b is provided with an amplifier 
68 for amplifying a picture signal from the CCD line sensor 
28b, two line buffers 70A and 70B respectively having a triple 
storage of plural photoelectric conversion elements with which 
the CCD line sensor 28b is provided and the switch 72 as switching 
means for switching the storages in the line buffers 70A and 
70B. The G scope processor 58g and the R scope processor 58r 
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are similarly composed. An inverter 73 is arranged between 
the controller 64 and the line buffer 70B. 

[0018] The image reading apparatus 10 equivalent to this 
embodiment is basically composed as described above and next, 
referring to a time chart shown in Fig. 6, the operation will 
be described below. 

[0019] Two-dimensional scanning is applied to the manuscript 
S on which images are recorded by being fed in the vertical 
scanning direction (in the direction shown by the arrow X) and 
being illuminated in the horizontal scanning direction (in the 
direction shown by the arrow Y) by the illuminating light source 
12. In this case, after light L transmitted in the manuscript 
S is converged by the condenser lens 14, it is dispersed into 
each scope of B, G, R by the prisms 26b, 26g and 26r and the 
dichroic filters 56a and 56b respectively forming the converting 
section 16 and each scope is guided to the CCD line sensors 
28b, 28g and 28r. 

[0020] The controller 64 controls the converting section 16 
and processes picture signals by supplying a line synchronizing 
signal LSYNC to the piezoelectric signal generator 62 and 
supplying a switching signal CH and a write/read signal W/R 
to the B scope processor 58b, the G scope processor 58g and 
the R scope processor 58r. 

[0021] That is, the piezoelectric signal generator 62 supplies 
a piezoelectric signal PI of 0 V to the piezoelectric element 
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32 via the amplifier 60 based upon the line synchronizing signal 
LSYNC from the controller 64. The controller 64 supplies a 
switching signal CH to the switch 72 so as to connect each CCD 
line sensor 28b, 28g, 28r and a terminal Tl of the switch 72 
and supplies a write/read signal W/R to the line buffers 70A 
and 70B so as to set the line buffer 70A to a write enable state 
and set the line buffer 70B to a read enable state. 
[0022] In this case, as the piezoelectric signal PI is 0 V, 
the shaking table 22 held between the coil spring 36 and the 
piezoelectric element 32 is set to an initial position SI shown 
in Fig. 7 in which the shaking table is not displaced. After 

picture signals al, a2, a3, photoelectrically converted 

by each photoelectric conversion element forming each CCD line 
sensor 28b, 28g, 28r are amplified by the amplifier 68, they 

are stored in first, third, sixth, ninth, storage regions 

of the line buffer 70A via the terminal Tl of the switch 72 
as shown in Fig. 2. 

[0023] Next, when the piezoelectric signal generator 62 supplies 

a piezoelectric signal P2 of a V to the piezoelectric element 
32 via the amplifier 60 based upon a line synchronizing signal 
LSYNC from the controller 64, the piezoelectric element 32 is 
expanded (or contracted) and displaces the shaking table 22 
in the horizontal scanning direction (in the direction shown 
by the arrow Y) by the quantity of 2/3 pixel in the photoelectric 
conversion element of the CCD line sensors 28b, 28g and 28r. 
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Hereby, each CCD line sensor 28b, 28g, 28r is set in a position 
S2 displaced by 2/3 pixel from the initial position SI. In 
this state, the controller 64 supplies a switching signal CH 
to the switch 72 so as to connect each line sensor 28b, 28g, 
28r and a terminal T2 of the switch 72. After picture signals 

bl, b2, b3, photoelectrically converted by each 

photoelectric conversion element forming the CCD line sensors 
28b, 28g and 28r are amplified by the amplifier 68, they are 

stored in second, fifth, eighth, storage regions of the 

line buffer 70A via the terminal T2 of the switch 72. 
[0024] Further, when the piezoelectric signal generator 62 

supplies a piezoelectric signal P3 of jS V to the piezoelectric 
element 32 via the amplifier 60 based upon a line synchronizing 
signal LSYNC, the piezoelectric element 32 is further expanded 
(or contracted) and displaces the shaking table 22 in the 
horizontal scanning direction (in the direction shown by the 
arrow Y) by 2/3 pixel in the photoelectric conversion element 
of the CCD line sensors 28b, 28g and 28r. Hereby, each CCD 
line sensor 28b, 28g, 28r is set in a position S3 displayed 
by 4/3 pixels from the initial position 51. In this state, 
the controller 64 supplies a switching signal CH to the switch 
72 so as to connect each CCD line sensor 28b, 28g, 28r and a 
terminal T3 of the switch 72. After picture signals cl, c2, 

c3, photoelectrically converted by each photoelectric 

conversion element forming the CCD line sensors 28b, 28g and 
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2 8r are ampli f ied by the amplifier 68, they are stored in fourth, 

seventh, tenth, storage regions of the line buffer 70A via 

the terminal T3 of the switch 72. 

[0025] As described above, in the line buffer 70A, picture 

signals al, bl, a2, cl, b2, a3, related to a first horizontal 

scanning line are sequentially stored. 

[0026] Next, the controller 64 supplies a switching signal CH 
to the switch 72 to connect each CCD line sensor 28b, 28g, 28r 
and the terminal Tl of the switch 72, sets the line buffer 70A 
to a read enable state by a write/read signal W/R and sets the 
line buffer 70B to a write enable state. Picture signals cl, 

c2, c3, from the CCD line sensors 28b, 28g and 28r set to 

the position S3, picture signals bl, b2, b3, from the CCD 

line sensors 28b, 28g and 28r set to the position S2 and picture 

signals al, a2, a3, from the CCD line sensors 28b, 28g and 

28r set to the initial position SI according to piezoelectric 
signals P3, P2 and PI sequentially set, controlling the switch 
72 in the same way as the line buffer 70A are stored in the 
line buffer 70B. The piezoelectric signal P2 generated next 
to the piezoelectric signal P3 is set so that the voltage of 
the piezoelectric signal P2 is lower than a V in consideration 
of a hysteresis characteristic of the piezoelectric element 
32. 

[0027] As described above, the picture signals al, bl, a2, cl, 
b2, a3, related to a second horizontal scanning line are 
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sequentially stored in the line buffer 70B. 

[0028] In the meantime, the processor 65 according to the method 
of moving averages reads the picture signals related to the 
first horizontal scanning line from the line buffer 70A in a 
read enable state while the line buffer 70B stores picture 
signals and executes processing according to the method of moving 
averages. Similarly, while the line buffer 70A stores picture 
signals , the processor according to the method of moving averages 
reads the picture signals related to the second horizontal 
scanning line from the line buffer 70B in a read enable state 
and executes processing according to the method of moving 
averages . 

[0029] For example, in the line buff er 70A, except a first picture 
signal al, picture signals equivalent to odd order (bl, cl, 

a3, ) and picture signals equivalent to even order (a2, b2, 

) from each photoelectric conversion element forming the 

CCD line sensors 28b, 28g and 28r are alternately stored as 
shown in Figs . 2 and 7 . In this case, in the processor according 
to the method of moving averages 55, the average of adjacent 

picture signals (bl and 12, a2 and cl, cl and b2, ) can be 

acquired as a moving average signal. As a result, a moving 
average signal which is a picture signal acquired by smoothing 
difference between the signal in odd order and the signal in 
even order of the photoelectric conversion elements of the CCD 
line sensors 28b, 28g and 28r can be acquired using the existing 
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moving average processing circuit. 

[0030] The moving average signal output from the processor 
according to the method of moving averages 65 is supplied to 
the image processor 66 and desired image processing is executed . 
[0031] In case the processing of picture signals is executed 
as described above, a picture signal having triple resolution 
can be acquired, compared with a case that the CCD line sensors 
28b, 28g and 28r are fixed. As the resolution becomes triple, 
not only a reproducible space frequency becomes triple but the 
dispersion of responses depending upon the phase of an image 
for the photoelectric conversion element of the CCD line sensors 
28b, 28g and 28r is hardly caused as shown in Fig. 8. Further, 
as picture signals read by the CCD line sensors 28b, 28g and 
28r are stored in the line buffers 70A and 70B every horizontal 
scanning line and image processing is sequentially applied to 
them, no mass storage element is required and this embodiment 
is extremely economical. 

[0032] In the embodiment described above, the CCD line sensors 
28b, 28g and 28r are displacedby 2/3 pixel, however, the quantity 
of the displacement can be also set to the quantity of 
displacement which is below distance between adjacent 
photoelectric conversion elements and is different from 2/3 
pixel . 

[0033] Generally, if center distance between adjacent two 
photoelectric conversion elements is P and the piezoelectric 
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element 32 is controlled so that the quantity of displacement 
M of the CCD line sensors 28b, 28g and 28r in the horizontal 
scanning direction is * P • n • 2/ ( 2 • k -f 1) ' (k: 1 or larger 
integer) (n : 1 to 2k) , a picture signal in odd order and a picture 
signal in even order in the photoelectric conversion section 
can be alternately stored in the line buffers 70A and 70B and 
in addition, the resolution can be further enhanced. 

[0034] In the embodiment described above, the CCD line sensors 
2Bb, 28g and 28r can be positioned for the shaking table 22 
by coupling the bracket 24 and the shaking table 22 so that 
they can be turned in a scanning plane with a pin 74 in the 
center as shown in Fig. 3 and adjusting so that the horizontal 
scanning direction and a direction in which the shaking table 
22 is displaced by the piezoelectric element 32 are matched. 
In the adjustment, as shown in Fig. 9, ribs 76a and 76b are 
provided in the horizontal scanning direction of the shaking 
table 22 and the position of the bracket 24 can be also adjusted 
by the ends of adjusting screws 78a to 78d for being fitted 
to the ribs 76a and 76b. As shown in Fig. 10, ribs 80a and 
80b are provided to both ends in the horizontal scanning 
direction of the shaking table 22 and the prisms 26b, 26g and 
26r adjusted via the bracket 24 by the adjusting screws 78a 
to 78d may be also fixed between the ribs 80a and 80b using 
fixing screws 82a and 82b via a wear plate 81. 

[0035] Further, for another method of forming the supporting 
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base and the shaking table, a supporting base 84 and a shaking 
table 86 can be acquired by forming a slit 90 from a hole 88 
which wire pierces when cutting is started in the horizontal 
scanning direction in a supporting base 84 and a shaking table 
86, by next forming two slittings 94a and 94b in the vertical 
scanning direction from another holes 92a and 92b and further, 
by forming a slitting 98 substantially in the shape of H from 
a hole 96 between the slittings 94a and 94b as shown in Fig. 
11 . 

[0036] 

[Effect of the Invention] As described above, in the image 
reading apparatus according to the invention, large storage 
capacity is not required, moving average processing can be easily 
executed based upon picture signals in odd order and picture 
signals in even order in the line sensor and in addition, a 
picture signal having desired resolution can be generated 
without depending upon the number of photoelectric conversion 
elements forming the line sensor. 
[Brief Description of the Drawings] 

[Fig. 1] Fig. 1 is a block diagram showing the configuration 
of an image reading apparatus according to the invention; 
[Fig. 2] Fig. 2 is a block diagram showing the configuration 
of the image reading apparatus according to the invention; 
[Fig. 3] Fig. 3 is a sectional view showing a converting section 
in the image reading apparatus according to the invention; 
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[Fig. 4] Fig. 4 is a side view showing the converting section 
in the image reading apparatus according to the invention; 
[Fig. 5] Fig. 5 is an enlarged sectional view showing the main 
part of the converting section shown in Fig. 3; 
[Fig. 6] Fig. 6 is a time chart showing signal processing in 
the image reading apparatus according to the invention; 
[Fig. 7] Fig. 7 is an explanatory drawing showing relationship 
among positions in which a CCD line sensor is displaced in the 
image reading apparatus according to the invention; 
[Fig. 8] Fig. 8 is an explanatory drawing for explaining relation 
betweena space frequency acquired in the image reading apparatus 
according to the invention and a response; 

[Fig. 9] Fig. 9 is an explanatory drawing for explaining a 
mechanism for adjusting the position of the converting section 
in the image reading apparatus according to the invention; 

[Fig. 10] Fig. 10 is an explanatory drawing for explaining the 
mechanism for adjusting the position of the converting section 
in the image reading apparatus according to the invention; 

[Fig. 11] Fig. 1 1 is a main part perspective explanatory drawing 
showing another configuration of a converting section in the 
image reading apparatus according to the invention; 

[Fig. 12] Fig. 12 is an explanatory drawing for explaining 
relation between the phase of an image and a photoelectric 
conversion section of a CCD line sensor in prior art; and 
[Fig. 13] Fig. 13 is an explanatory drawing for explaining 



14 



relation between a space frequency acquired in prior art and 
a response. 

[Description of Reference Numbers] 

10 Image reading apparatus 15 Converting section 

18 Signal processing section 20, 84 Support ing base 

22, 86 Shaking table 26b, 26g, 26r Prism 

28b, 28g, 28r CCD line sensor 

32 Piezoelectric element 35 Coil spring 

58b B scope processor 58g G scope processor 

58r R scope processor 

62 Piezoelectric signal generator 

64 Controller 66 Image processor 

70A, 70B Line buffer 72 Switch 
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DRAWINGS 

[FIG. 1] 

58b. B SCOPE PROCESSOR 

58g. G SCOPE PROCESSOR 

58r. R SCOPE PROCESSOR 

62. PIEZOELECTRIC SIGNAL GENERATOR 

64 . CONTROLLER 

65. MOVING AVERAGE PROCESSOR 

66. IMAGE PROCESSOR 
[FIG. 2] 

60. PIEZOELECTRIC SIGNAL GENERATOR 

64. CONTROLLER 

65. MOVING AVERAGE PROCESSOR 

66. IMAGE PROCESSOR 
[FIG. 6] 

PIEZOELECTRIC SIGNAL 
7 OA. LINE BUFFER 
7 OB. LINE BUFFER 
WRITE 
READ 

[FIG. 7] 

2/3 PIXEL 

[FIG. 8] 

RESPONSE 

SPACE FREQUENCY 
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[FIG. 13] 
RESPONSE 
SPACE FREQUENCY 
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